Introduction
Evaluating the ecological status of water bodies based on physical and chemical variables of the ecosystems is one of the relevant approaches in water quality assessment. The use of physical and chemical properties of water to assess water quality gives a good impression of the status, productivity, and sustainability of a water body (Mustapha, 2008) . However, this method with instantaneous measurements mainly gives restricted knowledge of water conditions. The chemistry at any sampling time is a snapshot of the water quality, which ignores the temporal variation of water quality variables in aquatic ecosystems (Rocha, 1992) . On the other hand, the use of biological monitoring provides a direct measure of ecological integrity by using the response of biota to the changes in environmental variables (Karr, 1991; EC, 2009) .
The European Water Framework Directive has required different biological quality elements (phytobenthos, phytoplankton, macrophytes, benthic invertebrates, and fish) to be used for assessing the ecological quality of water bodies since 2000 (EC, 2009 ). Diatoms are a major group of phytobenthos (Della Bella et al., 2007; Bennion et al., 2014) and can be sampled at times of the year from almost all aquatic habitats. Diatoms are an extremely diverse group of algae with 100,000 species (Round, 1991) . Diatom assemblages in various habitats respond rapidly and sensitively to environmental change and are ideal ecological indicators of water bodies (Pan and Stevenson, 1996; Kelly et al., 1998; Potapova and Charles, 2003; Rimet et al., 2007; Delgado and Pardo, 2014) . The use of benthic diatoms for the assessment of water quality conditions is not a new issue and has been used since the 1900s (Kolkwitz and Marsson, 1908) . These organisms are being used to assess the ecological integrity of running waters around the world (e.g., Kelly et al., 1998; Rott et al., 1999 Rott et al., , 2003 Potapova et al., 2004; Della Bella et al., 2007; Taylor et al., 2007) .
Changes in sensitive and tolerant taxa enable a more accurate indication of changes in biological conditions, such as a loss of sensitive species or an increase in nonnative species (Rocha, 1992; Davies and Jackson, 2006) . The relationship between diatoms and environmental variables is strong and quantifiable, making diatoms appropriate quantitative indicators of ecological conditions in aquatic ecosystems (Pan and Stevenson, 1996; Oliveira et al., 2001) . A solid correlation between diatom community composition, total nitrogen, and total phosphorus has been demonstrated. Hydromorphological alterations affect a whole scale of ecological conditions by changing water retention, water current, turbidity, substrate heterogeneity, and riparian structure, which contribute to changes in nutrient and organic matter cycle (Moss, 2008; Cron et al., 2015) .
The use of diatom assemblages as reliable indicators of changes in environmental conditions is deciphering integrated environmental information with species richness due to their presence or absence in ecosystems (Pan and Stevenson, 1996) and linkage in biogeochemical cycles. The gathered information on occurring taxa is used in various biological metrics to classify the water quality classes (Karr and Chu, 1999; Rott et al., 1999; Dell'Uomo, 2004; Kelly et al. 2008) .
No data on pollution tolerant and sensitive diatoms species for assessment of the ecological status of freshwater ecosystems are available yet in Turkish. Direct adoption of foreign diatom index scores (Rott et al., 1999; Potapova and Charles, 2003; Dell'Uomo, 2004; Kelly et al., 2008) can lead to erroneous interpretation of water quality, because there are limited overlaps in species composition among different regions (Pan and Stevenson, 1996) . Regional variation in each ecoregion, especially in geology, climate, land-use, and anthropogenic activities, can significantly change environmental factors, constraints, and regulation of diatom assemblages (Stevenson, 1997; Biggs et al., 1998; Soininen, 2007) . Besides, the use of diatoms to assess ecological integrity of water bodies has a long history in different regions. This prompted the first attempt to determine trophic weight and indicator values of diatoms species in terms of tolerance based on total phosphorus (TP) variation in the aquatic ecosystems of Turkey. It has already been known that TP variation as a major environmental gradient could affect diatom species composition and their characteristic traits. The present study aimed to investigate the distribution of benthic diatom species related to TP concentration in eight basins of Turkey and determine the trophic weight and indicator values of species, which could serve to develop a new diatom metric called Trophic Index-Turkey (TIT).
Materials and methods
Water and diatom samples were collected at seasonal intervals at each of the stations from 8 basins of Turkey (Lower Euphrates, Ceyhan, the West Mediterranean, the North Aegean, Sakarya, the West Black Sea, the East Black Sea, and Aras) (Figure 1 ). A total of 225 stations, including rivers and creeks, were sampled from summer 2014 to summer 2015.
The epilithic samples were collected in riffle areas from stones by scraping the upper surface of stones with a toothbrush in 100 mL of distilled water according to the European standard methods (CEN, 2003 (CEN, , 2004 . Algal samples were fixed with Lugol-glycerol solution. Collected water samples were stored in coolers with ice packs until transferred to the laboratory for chemical analyses. TP was the only chemical variable used in this study and its values were measured using a standard method (APHA, 2012) The European standard methods (CEN, 2003 (CEN, , 2004 (CEN, , 2009 were applied for the identification and enumeration of diatom taxa. At least 400 valves of diatom species were counted under a light microscope (Olympus BX53) equipped with a DP73 model digital camera and imaging software (Olympus CellSens Vers. 1.6) at 1000× magnification to estimate the relative abundance of taxa. The primary key books (Krammer and LangeBertalot, 1991a , 1991b , 1999a , 1999b Lange-Bertalot, 2001; Krammer, 2000 Krammer, , 2002 were used for diatom species identification.
The percentages of each diatom species throughout the 8 basins were determined based on TP classes. Median analysis of each diatom species related to TP variation was determined by using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Weighted averaging regression was used to estimate diatom species optima (u k ) and tolerance (t k ) levels for TP. The weighted average method assesses only a single pressure (e.g., nutrients) or related pressures of environmental factors on organisms.
According to the distribution of diatom species based on TP classes, trophic weight and indicator values were determined as described by Rott et al. (1999) and Binder (2001) . Several species marked with an asterisk in the Table were observed only once during the study period; therefore, they were not used to calculate the trophic index. The trophic weight and indicator values were then used to develop a new diatom-based trophic index called the TIT based on the formula of Zelinka and Marvan (1961) and Rott et al. (1999) . 
Results
A total of 219 diatom species belonging to 34 genera were identified during the study in the water bodies (Table) The sampling stations of the eight basins revealed temporal and spatial differences between TP values during the study period. The TP content changed not only from one sampling station to another but also varied for the same station at different sampling seasons. Understanding the relationships of geographical and environmental factors with diatom distribution is an important process for development of diatom-based indicators for water quality assessment. The frequencies of TP values based on TP classes are given in Figure 2 . Three TP classes (100-249, 250-500, and >500 µg L -1 ) had higher TP frequency than the other ones. Diatom assemblages preferred various TP values with different frequencies in the eight basins. Optima, tolerance, median, trophic weight, and indicator values of diatom taxa for TP are given in the Table. Diatom species such as Craticula cuspidata, Encyonema ventricosum, Gomphonema augur, Navicula cuspidata, N. tripunctata, N. trivialis, Nitzschia amphibia, N. clausii, N. filiformis, N. linearis, N. palea, N. umbonata , and Tryblionella hungarica showed high trophic weight values, while Achnanthidium minutissimum, Adlafia bryophila, Amphora libyca, Cymbella excisa, Diatoma tenuis, Didymosphenia geminata, Encyonema silesiacum, Gomphocymbellopsis ancyli, Hannaea arcus, Meridion circulare, Navicula margalithii, and Navicula radiosa were associated with low trophic weight values.
Discussion
The relationships between diatoms and environmental parameters can be quantified to make diatoms appropriate quantitative indicators of ecological conditions in ecosystems (Pan and Stevenson, 1996; Oliveira et al., 2001) . Diatom communities respond quickly to environmental changes because of their short life cycles, rapid dispersal, and a large number of species with differing tolerances to physical and chemical variables (Lotter et al., 1999) . Species diversity and abundance of diatoms are controlled by environmental factors like nutrients, temperature, light intensity, grazing pressure, substrate stability, and discharge (Izagirre and Elosegi, 2005) . Phosphorus is thought to be the most important nutrient responsible for eutrophication in these rivers (Rott et al., 2003; Potapova et al., 2004) . The diatom assemblages preferred various TP values with different frequencies in the eight basins ( Figure 2 ) and the optimal TP values changed from one species to another in the water bodies during the study period (Table) . Table. Trophic weight and indicator values of diatom taxa associated with various freshwater ecosystems in 8 basins of Turkey based on total phosphorous (TP) classes compared to previous results. Asterisk indicates that species were observed only once during the studied period, which were not used to calculate the trophic index. Weighted averaging regression was used to estimate diatom species optima (u k ) and tolerance (t k ) levels for TP. n is the frequency of species. TW is trophic weight and g is indicator value.
This study Rott et al. (1999) Binder (2001 A total of 219 diatom species were found in the running water systems (Table) . This number is higher than those of a review study including the most common diatom taxa (129) from rivers, lakes, and reservoirs in Turkey (Solak et al., 2012b ) and a limnological study about Felent Creek with 117 diatom taxa (Solak et al., 2012a) . Most of the diatom taxa identified in the present study had not been reported in the previous studies (Solak et al., 2012a (Solak et al., , 2012b . Most of the diatom species found in this study belong to the genera Navicula and Cymbella and were also commonly found in the world (Round, 1991; Rott et al., 1999; Krammer, 2002; Kelly et al., 2008) . The occurrence of the diatom species changed not only from one sampling station to another but also varied at the same stations at different sampling seasons during the study period. The commonly found species in the present study (e.g., Cocconeis placentula, Cymbella excisa, Bacillaria vulgaris, Ulnaria ulna, Gomphonema parvulum, and Navicula cryptocephala) were widespread in various habitats in different regions (Rott et al., 1999; Potapova and Charles, 2003; Dell'Uomo, 2004; Kelly et al., 2008; Beltrami et al., 2012; Della Bella et al., 2012; Çelekli and Öztürk, 2014; Delgado and Pardo, 2014; Kelly et al., 2014) .
Several diatom species (e.g., E. ventricosum, Craticula cuspidata, Denticula subtilis, Gomphonema augur, Navicula cuspidata, Nitzschia amphibia, N. tripunctata, N. trivialis, N. clausii, N. palea, and N. umbonata) with relatively high trophic values were not only commonly identified in this study, but are also widespread around the earth (Rott et al., 1999; Binder, 2001; Krammer, 2002; Potapova and Charles, 2003; Kelly et al., 2008; Beltrami et al., 2012; Della Bella et al., 2012; Delgado and Pardo, 2014; Kelly et al., 2014) . However, many diatom taxa in this study showed different trophic weight levels compared to the results from Austria, Italy, and the United Kingdom (Rott et al., 1999; Binder, 2001; Dell'Uomo, 2004; Kelly et al., 2008) .
The diatom species that mainly preferred low trophic values (e.g., A. minutissimum, A. bryophila, D. geminata, G. ancyli, H. arcus, and M. circulare) showed similar traits in the findings from Austria and the United Kingdom (Rott et al., 1999; Binder, 2001; Kelly et al., 2008) .
As can be clearly seen in the Gomphonema gracile, Melosira undulata, N. margalithii, N. oppugnata, N. rostellata, Nitzschia denticula, N. flexa, N. lanceolata, Pinnularia brebissonii, and others) had their trophic weight values presented for the first time in the present study, compared to the diatom lists of Austria (Rott et al., 1999; Binder, 2001 ). This could be due to the regional variation of environmental factors, which could regulate diatom species composition and their TP optima (Biggs et al., 1998; Soininen, 2007) . Besides, diatoms have a long history in aquatic ecosystems, which could change among different regions. Therefore, determination of diatom optima for different regions can improve the performance of diatom indicators. These results could notably affect trophic diatom indices to calculate the ecological quality ratio of water bodies for bioassessment. Furthermore, the taxonomic composition of different ecosystems is a major parameter for the assessment of ecological status (Karr and Chu, 1999; EC, 2009; Pongpan and Yuwadee, 2014) .
The approach adopted in the present study is novel in that it uses trophic and indicators values determined in Turkey to develop a diatom metric called the TIT to evaluate the ecological status of running water bodies. A total of 219 diatom taxa were used to develop the TIT, which corresponds to 35.82% of the 631 diatoms taxa in Turkish freshwater bodies including rivers, lakes, and reservoirs as reported by Solak et al. (2012b) . Considering the large number of studies related to diatom communities in lakes and reservoirs (Solak et al., 2012b) , this percentage is representative to develop a diatombased metric to assess running water in Turkey. These findings provided informative assessments of the biotic integrity of various water bodies and can be used to calculate the trophic index value for the bioassessment of freshwater ecosystems. These values can also be used for other running water ecological status bioassessments in Turkey and Mediterranean countries that have the same ecoregional characteristics.
The procedure used for defining the actual trophic and indicator values was based on the method described by Rott et al. (1999) and Binder (2001) . These trophic values can be considered as a useful tool for evaluating the response of diatoms to changes in running water quality. The results of the first study indicated that each diatom assemblage was associated with various water bodies with different TP values and had different trophic weights due to their tolerant and sensitive responses to related environmental changes. These findings provided informative assessments of the biotic integrity of various water bodies and can be used to calculate the trophic index value for the bioassessment of freshwater ecosystems. Trophic parameters of the diatom list in the present study will be updated by taking data from different basins of Turkey. These values can also be used for other running water ecological status bioassessments in Turkey and Mediterranean countries that have the same ecoregional characteristics.
